Five experiments explored the effect of acoustic changes between study and test on implicit and explicit memory for spoken words. Study-test changes in the speaker's voice, intonation, and fundamental frequency produced significant impairments of auditory priming on implicit tests of auditory identification and stem completion but had little or no effect on explicit recall and recognition tests (Experiments 1-4). However, study-test changes in overall decibel level had no effect on priming on an auditory stem-completion test or on cued-recall performance (Experiment 5). The results are consistent with the idea that fundamental frequency information is represented in a perceptual representation system that plays an important role in auditory priming.
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Recent research has been sparked by the demonstrations of dissociations between explicit memory, the conscious recollection of previously studied material, and implicit memory, the facilitation of task performance by previously studied material without intentional recollection (for reviews, see RichardsonKlavehn & Bjork, 1988; Roediger, 1990; Roediger & McDermott, 1993; Schacter, 1987; Schacter, Chiu, & Ochsner, 1993; Shimamura, 1986) . The majority of research concerning implicit memory has focused on tasks involving visual priming of words and objects, when prior exposure to target items produces facilitated performance on a subsequent implicit test. In addition, most theories of implicit memory phenomena invoke hypotheses about the characteristics of visually based processes or systems (cf. Jacoby, 1983; Kirsner, Dunn, & Standen, 1989; Masson & Macleod, 1992; Roediger, 1990; Schacter, 1990; Squire, 1987; Tulving & Schacter, 1990) .
In contrast to the plethora of relevant research in the visual domain, only a handful of studies have examined implicit memory in the auditory domain. For example, several studies have demonstrated repetition priming effects across delays of at least several minutes on auditory word-and sentenceidentification tasks, in which subjects attempt to identify previously studied and nonstudied items that have been masked in white noise (Ellis, 1982; Franks, Plybon, & Auble, 1982; Jackson & Morton, 1984; Kempley & Morton, 1982) or to make ratings of the noise level (Jacoby, Allan, Collins, & Larwill, 1988) . Priming has also been found on the auditory stem-completion task, in which subjects hear initial syllables of studied and nonstudied items and are asked to complete them with the first words that come to mind (Bassili, Smith, & MacLeod, 1989; McClelland & Pring, 1991) .
Note also that numerous experiments have examined indirect or phonological priming effects involving delays of less than a second between the prime and the target (cf. Goldinger, Luce, & Pisoni, 1989; Jakimik, Cole, & Rudnicky, 1985; Slowiaczek, Nusbaum, & Pisoni, 1987; Slowiaczek & Pisoni, 1986) . These effects are extremely short-lived and are probably based on mechanisms different from those that subserve priming effects that persist across retention intervals of several minutes or more.
In a series of experiments, attempted to build on these earlier findings and systematically explore characteristics of and ideas about auditory implicit memory. The theoretical motivation for the experiments was molded by the perceptual representation systems (PRS) framework described in several articles (e.g., Schacter, 1990 Schacter, , 1992 Schacter, Cooper, & Delaney, 1990; Schacter, Rapcsak, Rubens, Tharan, & Laguna, 1990; Tulving & Schacter, 1990) . The premise of this multiple memory systems framework is that implicit memory effects observed on data-driven tasks such as perceptual identification, stem and fragment completion, and object decision depend primarily on the PRS, a presemantic system composed of a number of subsystems that process and represent information about the physical form and structure, but not the meaning or associative properties, of words, objects, and other stimuli. The PRS is assumed to be a cortically based system that is distinct from a system based in limbic structures (e.g., the hippocampus) that is necessary for explicit, episodic retrieval. The primary function of PRS is believed to be perceptual recognition. The empirical motivation for proposing that PRS mediates data-driven priming was initially provided by some characteristics of visual priming on data-driven implicit tasks, namely that it (a) does not require elaborative processing at study, (b) shows a large degree of modality specificity, and (c) is, at times, sensitive to withinmodality changes in surface feature information between study and test (for review, see Kirsner et aL, 1989; RichardsonKlavehn & Bjork, 1988; Roediger & Blaxton, 1987; Roediger, Weldon, & Challis, 1989; Schacter, 1990) . Independent evidence for the existence of PRS subsystems is provided by neuropsychological literature indicating a dissociation between form and semantic representations in patients with reading and object-processing deficits (see Schacter, 1990 Schacter, , 1992 .
Although the PRS framework originally focused on visual subsystems, converging evidence points to an analogous auditory PRS. For example, patients characterized by wordmeaning deafness cannot understand spoken words but exhibit relatively intact repetition and writing to dictation of the same words (e.g., Ellis, 1984; Kohn & Friedman, 1986) . found that study tasks that involved semantic elaboration increased explicit recognition and cued-recall performance relative to nonsemantic study but had little or no effect on the priming of auditory word-identification and stem-completion tasks. Moreover, Schacter, McGlynn, Milberg, and Church (1993) observed normal levels of priming on auditory word-identification tasks in a patient with wordmeaning deafness who exhibited impaired comprehension of the target words. These observations support the idea that auditory priming depends, to a large extent, on a presemantic PRS subsystem.
In addition, several experimenters have found that studytest shifts in modality reduce or eliminate priming on auditory word-identification (Ellis, 1982; Jackson & Morton, 1984) and stem-completion (Bassili et al., 1989; McClelland & Pring, 1991) tasks. However, cross-modal priming does occur, and McClelland and Pring have found that such priming is greatest in study conditions, such as naming, that maximize auditory phonological processing. This observation suggests that the processing of phonological information may play a crucial role in the cross-modal priming effects that have been observed on auditory stem-completion tasks.
Evidence concerning the effects of within modality studytest changes in speaker's voice on auditory priming is less clear-cut. Jackson and Morton (1984) found that study-test changes in the speaker's voice do not affect priming on a word-identification-in-noise task. reported similar findings, but they also reported that studytest changes in speaker's voice do reduce priming on a stem-completion test. However, voice-change effects were not observed when the stems were embedded in noise. Schacter and Church concluded that the absence of voice-change effects in their experiments and in Jackson and Morton's (1984) study could be attributed to the presence of white noise on the identification and completion tests (see Goldinger, 1992 , for additional data and qualifications).
The fact that priming does occur when there is a study-test change in the speaker's voice indicates that PRS contains an abstract component. Nevertheless, finding of a reduction of priming on a stem-completion test when the speaker's voice changed between study and test suggests that voice information is represented in PRS and can influence priming of word completion. However, little is known about the nature of the voice information that influenced priming in Schacter and Church's experiments. Does it depend on the representation of specific acoustic information within the PRS? If so, what kind of information? Alternatively, it is also possible that the voice-change effects observed in Schacter and Church's experiments were not mediated by acoustical representations but rather by a semantically based "gender code" that was associated with target words during study and then influenced priming. Similarly, the gender of the speaker might have influenced the connotation of the words during study, and consequently, a change in the connotation of the word between study and test could have reduced priming. The experiments described in this article were designed to address these issues.
Experiment 1 examines voice-change effects on an auditory word-identification task in an attempt to generalize findings. Experiment 2 explores whether within-voice variables can affect priming and addresses the possibility that gender coding mediates voice-change effects by varying a single speaker's intonation between study and test. The effects of small study-test changes in the fundamental frequency of a speaker's voice are examined in Experiments 3 and 4 in an attempt to further understand the specificity of the information available to PRS and to address the possibility that semantic-level information mediates voice-change effects. Experiment 5 explores the specificity of priming by manipulating the overall intensity of the words.
Experiment 1
Because voice-specific priming has thus far been observed only on the stem-completion test, questions concerning the generalizability of this effect remain. For example, it would be desirable to determine whether voice-specific priming can be observed on an auditory identification test that does not use white noise (cf. . To accomplish this objective, we developed a word-identification task in which words were degraded with a low pass filter. A low pass filter reduces the decibel level of a distribution of frequencies above a chosen cutoff point. This filtering process generally leaves fundamental frequency and prosodic contour information intact while reducing the higher frequency information available in the speech signal. Subjectively, words that have been low pass filtered sound rather muffled and inaudible.
In the experiment, subjects initially heard a list of 24 words spoken by six different speakers (three men and three women) and performed a nonsemantic encoding task in which they rated the clarity of the speaker's enunciation of each target word; significant voice-change effects have been observed previously following this encoding task . After a brief delay during which the subjects engaged in a city-name-generation task as a distractor, they were asked to identify 24 studied and 24 nonstudied words that had been subject to low pass filtering. After the implicit low pass filter identification task, the subjects were asked to make explicit recognition judgments about the words. In both tasks, half the studied items were spoken in the same voice as at study and half the words were spoken in a different voice.
Method
Subjects. Twenty-four Harvard University undergraduates participated in the experiment in exchange for a $5 payment.
Materials. Target materials comprised 48 words that were divided into two subsets of 24 words for the encoding task. The two subsets were matched for frequency, first letter, number of syllables, and length (Graf & Williams, 1987; Kucera & Francis, 1967) . Target words were recorded at normal conversational levels by six speakers (three This document is copyrighted by the American Psychological Association or one of its allied publishers.
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men and three women). Each word was recorded by one man and one woman, so that changes between study and test always included a change in the speaker's gender. The words were recorded on a Macintosh computer using a MacRecorder at a sampling rate of 22 kHz. Each item for the identification task was filtered with the low pass filter function found in the SoundEdit program. The filter extracted a distribution of frequencies above 2 kHz and reduced these by 20 dB during a pass through the filter. It also reduced the decibel levels of a distribution of frequencies between 1 kHz and 2 kHz by a range of 5 to 20 dB, with the highest frequencies being reduced the most in a steeply sloping function. Each item was passed through the filter three times, allowing a maximum reduction of 60 dB for the higher frequencies.
Four tapes were used to record two versions of each study list, two versions of the low pass filter identification task, and two versions of the recognition test that used the same presentation orders as the identification task. Because any item spoken by a man on Version 1 of any of the tapes would be spoken by a woman on its counterpart and vice versa, all of the items and speakers could be completely counterbalanced. Each study list tape included 24 words spoken clearly. The low pass filter identification tapes included 48 filtered words, 24 that had been presented at study and another 24 items that had not been presented. The recognition test tapes included the same 48 words spoken clearly: Half of them had appeared on the study list, and half of them had not appeared on the study list.
The tapes were presented using a cassette deck and headphones. A booklet was provided for the subjects to record all their responses. The first page of the booklet contained a 4-point number scale for the subjects to use in rating how clearly the speaker enunciated each word (well, moderately well, moderately poorly, or poorly) and 24 spaces for the subject's responses to each item. The second page contained 15 letters and spaces for the subjects to write in the city name they generated for each letter. The last two pages contained 48 spaces each in which the subjects could write down the words they heard during the low pass filter identification task and respond by writing yes or no to the items on the recognition test.
Design and procedure. We used a 2 X 2 x 2 within-subject design. The variables were type of test (auditory identification vs. auditory recognition), item type (studied vs. nonstudied), and speaker's voice (same vs. different). The experiment was completely counterbalanced so that each item appeared equally as often in each of the experimental conditions defined by the orthogonal combination of the variables. Also, each item was spoken equally as often by a male and a female voice.
All of the subjects were tested individually. During the encoding task, 24 words were presented auditorily, and subjects were asked to rate the speaker's clarity of enunciation on a 4-point scale. There were 5 s between the items for subjects to make their ratings. Subjects then completed a distractor task, during which they generated the names of 15 cities beginning with the letters given in their booklets. The task generally engaged the subject for 3 or 4 min.
After the distractor task, subjects were given the implicit low pass filter identification task, during which they heard 48 filtered words and were asked to write down the first word that came to mind in response to each item. There were 7 s between the items for the subjects to write down their answers. Once subjects had completed the low pass filter identification task, they were given an explicit auditory recognition test. They heard 48 clearly spoken words and were asked to judge which of those words had been presented during the encoding task. They were warned that many of the words had also been presented in the filter task and that it was important that they only provide a yes response for items they remembered specifically from the encoding task. Also, subjects always received the version of the recognition test that had the items in a different presentation order and with different voices than the filter task. This helped to reduce the number of false alarms the subjects reported. There were 7 s between the items. After the experiment subjects were debriefed. Table 1 presents the proportion of studied items and nonstudied items correctly identified on the low pass filter identification task and the proportion of hits and false alarms recognized during the recognition test as a function of same or different speaker's voice. As indicated in Table 1 , there was evidence of priming on the low pass filter identification task. There was also evidence of an effect of voice change on priming, but not on recognition.
Results
A two-tailed t test that compared the proportion of studied and nonstudied items correctly identified on the low pass filter identification task achieved significance, f(23) = 2.93, p < .01, thus confirming that priming occurred. A 2 x 2 analysis of variance (ANOVA) was performed on the priming scores (i.e., the proportion of studied items minus nonstudied items correctly identified on the filter task), and recognition scores (i.e., the proportion of hits minus false alarms on the recognition test), with type of test and speaker's voice as the within-subject variables. There was a main effect of type of test,jp(l,23) = 63.98,p < .0001, MS t = .053, indicating higher recognition scores than priming scores. The overall main effect of speaker's voice was not significant, F(l, 23) = 1.68,p > .20, MS e = .009, but there was a significant interaction between type of test and speaker's voice, F(l, 23) = 5.27, p < .05, MS C = .015. Planned comparisons revealed that on the low pass filter identification task, there was significantly more priming when speaker's voice was the same at study and test than when the voice changed between study and test, f(23) = 2A2,p < .05. However, there was no effect of voice changes on the recognition test, t(23) < 1. All t tests were two-tailed.
Discussion
Experiment 1 revealed a significant priming effect on an auditory word-identification task when the items were degraded using a low pass filter. More important, it revealed a significant reduction of priming on this task when the voice was changed between study and test, together with no effect of the identical voice-change manipulation on recognition memory. This dissociation between implicit and explicit memory is consistent with the hypothesis that auditory priming is mediated by a PRS that stores information about the acoustical form of the words, whereas explicit memory is mediated by an episodic system that generally relies on conceptually driven processes.
The primary goal of this experiment was to ascertain whether voice changes affect priming on an auditory identification task when words are not embedded in noise. The clear evidence for a voice-change effect indicates that the absence of voice-change effects in previous experiments using identification-in-noise tasks (Jackson & Morton, 1984; was probably not simply a function of using degraded items on an identification task but is more likely attributable to specific features of white noise. The filter task used in Experiment 1 does significantly degrade target items, but the nature of the degradation differs from the degradation produced by noise in at least two ways: (a) lower frequency information, including fundamental frequency and prosodic contour information, is completely preserved in the filter but not the noise task, and (b) information is subtracted from the speech signal in the filter task, whereas it is added in the noise task.
We cannot easily determine which of these differences between the two auditory identification tasks is responsible for the differing effects of changing speaker's voice between study and test on priming. If, however, such acoustic features as fundamental frequency and prosodic contour that are preserved in the filter task are crucial to the observed voicechange effects, then study-test changes to these aspects of the acoustic signal should produce significant decreases in the magnitude of auditory priming.
Prosodic contour shifts are part of the normal variation within an individual's speech. These contour shifts convey emotional, syntactic, phrasal, and lexical information, and they are a fundamental part of the speech signal (e.g., Blumstein & Goodglass, 1972; Heilman, Bowers, Speedie, & Coslett, 1984; Shapiro & Danly, 1985) . However, with the exception of lexical prosody, the information conveyed is independent of the semantic content of an utterance. Emotional contour imparts information about the emotional state of the speaker, whereas syntactic and phrasal prosody impart information about the structure and type of sentence or phrase being expressed. If the prosodic contour differences that exist when different speakers' voices are used contribute to the voice-change effect, then study-test changes of prosodic contour within a single voice should produce similar effects.
Alternatively, it is possible that the specific acoustic features of the speaker's voice are not an important component of the observed voice-change effect on priming. These effects may instead be produced by the encoding and retrieval of a gender code that subjects generate for each speaker. Subjects may encode or tag each voice according to the gender of the speaker, and when that gender code is reinstated on an implicit test priming is higher than when the gender code is not reinstated. Many researchers have found circumstances under which variations in voice information influence recall and recognition (e.g., Craik & Kirsner, 1974; Goldinger, Pisoni, & Logan, 1991; Martin, Mullennix, Pisoni, & Summers, 1989) , and it has been suggested that voice information is explicitly retained when that information can be related connotatively to the word (Geiselman & Bellezza, 1976 , 1977 Geiselman & Crawley, 1983) . Previous research examining explicit memory for voice information has indicated that subjects may interpret information differently depending on the gender of the speaker, thus producing a semantic link between the word and the speaker's gender (Geiselman & Bellezza, 1976) . In Experiment 1 and in our previous demonstrations of voice-specific priming , study-test changes in the speaker's voice always included a change in the speaker's gender. Experiment 2 was designed to examine the possibility that a semantic gender code is responsible for voice-specific priming. In addition, it allows us to test the hypothesis that study-test changes in the prosodic contour of a single speaker's voice will reduce priming.
Experiment 2
The basic design of Experiment 2 was similar to Experiment 1 except that it explored the effect of both emotional and phrasal prosodic contour changes within a single voice rather than changes in speakers' gender across multiple voices. The words were recorded by only one speaker, but each word was spoken in either one of two emotional intonations (happy or angry) or one of two phrasal intonations (question or statement). During the filter task and subsequent recognition test, the intonation for half of the studied items was the same as at study (e.g., angry-angry or question-question), and for the other half the intonation was changed between study and test (e.g., angry-happy or question-statement).
Method
Subjects. Forty-eight Harvard University undergraduates were paid $5 for their participation.
Materials. Target materials consisted of 48 familiar words. The words were divided into two sets of 24 that were matched for frequency, concreteness, first letter, and length (Pavio, Yuille, & Madigan, 1968) . A single female speaker recorded the words into a Macintosh computer using a MacRecorder with a sampling rate of 22 kHz. Each word was recorded in four different intonations, two emotional intonations (happy and angry), and two linguistic intonations (statement and question). Pilot subjects were asked to judge the intonation of the speaker for both the emotionally intoned words (i.e., happy-angry judgment) and the linguistically intoned words (i.e., question-statement judgment) on a two-item forced-choice test. The subjects judged the intonation correctly 98% of the time in both intonation type conditions. The items were filtered using the same procedure described in Experiment 1.
We recorded four versions of each of the 24 word-study lists using two emotional intonation versions and two phrasal intonation versions. Any given item presented in an angry or questioning intonation on one version would be presented in a happy or statement intonation on the other version. Within a particular study list, half of the target items were spoken in one intonation (e.g., angry or questioning), and half of the items were spoken in the other intonation (e.g., happy or statement). The filter task and recognition test each had four versions of the 48 (24 studied and 24 nonstudied) words recorded, two using emotional intonation and two using phrasal intonation. Each item presented in an angry or questioning intonation on one version was presented in a happy or statement intonation on the other version, and vice versa. As in Experiment 1, all study and recognition items were presented clearly at normal conversational levels. We presented the tapes using a cassette deck and headphones, and the subjects recorded their responses using the same type of booklet described in Experiment 1.
Design and procedure. We used a mixed-factorial design. The between-subjects variable was intonation type (emotional vs. phrasal), and the within-subject variables were item type (studied vs. nonstudied), type of test (low pass filter identification vs. recognition), and intonation change (same vs. different). The experiment was counterbalanced such that each item appeared equally often in each experimental condition. The procedures were identical to those used in Experiment 1. Subjects completed in order the clarity rating encoding task, the city-name-generation distractor task, the implicit filter task, and finally the explicit auditory recognition test. Table 2 presents the proportion of studied and nonstudied items identified correctly on the low pass filter identification task as a function of type of intonation (emotional vs. phrasal) and intonation change (same vs. different). As indicated in Table 2 , there were similar amounts of priming on the low pass filter identification task in both intonation type conditions, and, more important, there was an effect of intonation change in both intonation type conditions. A two-tailed t test that compared the overall proportion of studied and nonstudied items identified correctly was highly significant, <(47) = 7.94,p < .001. A 2 x 2 ANOVA was performed on the priming scores (i.e., the proportion of studied items minus nonstudied items identified on the filter task), with type of intonation as the between-subjects variable and intonation change as the within-subject variable. There was a significant main effect of intonation change, F(l, 46) = 15.92, p < .001, MS C = .006, indicating higher identification scores when the item was presented in the same intonation than in a different intonation at study and test. Neither type of intonation nor the interaction between intonation type and intonation change was significant (allFs < 1). Table 3 presents the proportion hits and false alarms as a function of intonation type and intonation change. A 2 x 2 ANOVA was performed on the corrected recognition scores (i.e., the proportion of hits minus false alarms), with type of intonation as the between-subjects variable and intonation change as the within-subject variable. There was a nonsignificant main effect of intonation change, F(l, 46) = 1.80,p > .18, MS e = .01, and neither the main effect of intonation type nor the interaction between intonation type and intonation change approached significance (all Fs < 1).
Results
A 2 x 2 x 2 ANOVA was performed on the priming and recognition scores to examine the effect of intonation changes between study and test on the two test and intonation types. There was a main effect of test, F(l, 46) = 242.85, p < .0001, MS e -.031, indicating that the recognition scores were higher than the priming scores. There was a main effect of intonation change, F(l, 46) = 23.57,;? < .0001, MS e = .009, indicating an overall superiority for same intonation items versus changed intonation items. There was a nonsignificant interaction between intonation type and intonation change, F(l, 46) = 1.84, p > .10, MS e = .009, and a marginally significant interaction between type of test and intonation change, F(l, 46) = 2.87, p < .10, MS e = .019. No other effects approached significance (allFs < 1).
A series of planned comparisons using two-tailed t tests showed a significant decrease in priming in the different intonation condition compared with the same intonation condition for both intonation types: emotional, r(23) = 2.21, p < .05; phrasal, f(23) = 2.26, p < .05. There were nonsignificant effects of intonation change on recognition performance for both intonation types: emotional, r(23) = 1.00, p > .1; phrasal, f(23) < 1. However, there was a trend for an intonation change effect on recognition in the emotional intonation condition, and this trend may be responsible for the fact that the interaction between intonation change and test type was only marginally significant.
A 2 x 2 ANOVA was also performed on the overall identification scores to determine whether there were any effects of the particular intonation in which a word was spoken. The between-subjects variable was intonation type (emotional vs. phrasal), and the within-subject variable was the particular intonation contour (e.g., angry vs. happy or statement vs. question) identified. There was a significant effect of intonation type, F(l, 46) = 6.25,p < .02, MS C = .047, indicating that subjects in the emotional intonation condition identified more filtered words than did subjects in the linguistic intonation condition. However, the effect of the particular intonation contour heard by the subjects was not significant, and there was a nonsignificant interaction between intonation type and intonation contour, allFs(l, 46) < 1.
Discussion
Experiment 2 revealed significantly lower levels of priming when voice intonation was changed between study and test than when it was held constant, whereas there were nonsignificant effects of intonation changes on the recognition test. These findings are consistent with the hypothesis that prosodic contour information is retained by the auditory PRS system and that it can contribute to voice-change effects on auditory priming. Also, because we used the same materials in this experiment as did in their identification in noise tasks, our findings add further support to the hypothesis that the lack of voice-change effects in the noise tasks is attributable to the presence of the white noise. The trend toward a voice-change effect on recognition in the emotional intonation condition indicates that though linguistic information and general prosodic contour information do not seem to drive explicit retrieval, emotional information may.
It is also clear from the results of Experiment 2 that a simple gender-coding effect cannot explain voice specificity effects on priming because such effects can be produced without a gender change in the speaker's voice. These results are also consistent with Palmeri, Goldinger, and Pisoni's (1993) study, which found that although recognition was more accurate if the word was tested in the same voice than in a different voice, it was impaired equally by within-gender and between-gender changes in voice. They concluded that gender coding could not be responsible for their subjects' reduction in performance when the speaker's voice was changed. Note, however, that Geiselman and Bellezza (1977) concluded that incidental retention of a speaker's voice occurs when the voice adds meaningful information to a sentence. If voice characteristics are retained when they add connotative information, then it is possible that intonation information is retained because it changes the connotation of target words by adding emotional or linguistic information. Although Experiment 2 provides evidence against gender coding as the basis for voice-specific priming, it does not rule out the possibility that voice-change effects depend on the encoding and retention of semantically based connotative information. We addressed this issue in Experiment 3.
Experiment 3
In Experiment 3, we manipulated a specific acoustic feature of a single speaker's voice: fundamental frequency (fo). We made relatively small changes in/ 0 between study and test that did not involve any alteration of emotional or linguistic connotation, and we examined whether priming was lower in a different/o condition than in a same/o condition.
There are several reasons why /o is of particular interest to us. First,/o differences are present in our previous experiments in which voice-change effects on auditory priming have been observed. An analysis of 40 fundamental frequency points from two words uttered by each speaker of the male-female pairs in Experiment 1 revealed significant between-voice differences in mean fundamental frequency, fs(78) = 7.69, 2.77, and 11.99, for each of the three pairs. A similar analysis of the stimuli used in Experiment 2 revealed a significant difference between the mean/ 0 of the happy and angry intonations used in the emotional condition and between the mean /o of the statement and question intonations used in the phrasal condition, «(78) = 2.42 and 2.13, respectively. Second, / 0 is the major determinant of the pitch of a speaker's voice (Lieberman, 1961) and hence would be expected to play a critical role in acoustic representation. Third, it seemed unlikely that small overall changes in/ 0 would yield important connotative information. Thus, if /o changes do produce voice-specific priming, we can be reasonably confident that the effect is not attributable to semantic-level processes. However, to investigate further the possible role of such processes, we included both semantic (meaning judgment task) and nonsemantic (clarity rating task) encoding manipulations in Experiment 3. The reasoning here was straightforward: If changing/o between study and test has similar effects following both semantic and nonsemantic study tasks, then it is unlikely that conceptual factors play much of a role in the observed specificity effect. This manipulation also allowed us to examine the possibility that priming effects on the low pass filter identification tasks are influenced by explicit memory. Previous findings have indicated that semantic versus nonsemantic encoding manipulations have little or no effect on auditory identification-in-noise and stem-completion tests ) despite large effects on explicit memory, and we expected a similar finding with the low pass filter identification task.
Method
Subjects. Sixty-four Harvard University undergraduates participated in exchange for a $5 payment.
Materials. Target materials were the same as those used in Experiment 2. The words were originally recorded by a single male speaker into a Gateway 2000 IBM-compatible computer using the Kay CSL 4300 acoustic package at a sampling rate of 10 kHz. For each of the items, the/o of the speaker's voice was estimated and then lowered by 10%. A resynthesized duplicate of each item with the lowered f 0 was made using the linear predictive coding algorithms of the Kay ASL software package. The items were then put through a low pass Kaiser filter using the same software. The filter was set to reduce the filtered frequencies by a maximum of 60 dB, and a midpoint of 1.8 kHz was used for the filter's frequency by decibel slope.
Four tapes were used to record two versions of each of the 24-word study lists, two versions of the low pass filter identification task, and two versions of the recognition test that corresponded to the identification task versions. Because any item spoken in a lowered /o on the first version would be spoken with the speaker's original /o on the second version and vice versa, all of the items and /os could be completely counterbalanced. The tapes were made in the same way as the tapes in Experiment 1.
We presented the tapes using a cassette deck and headphones. A booklet similar to the ones used in the previous experiments was provided. The only difference between this booklet and the previous booklet was that the first page of the booklet used for the encoding task contained a 4-point numeric scale for the subjects to use in rating either how clearly the speaker enunciated each word (well, moderately well, moderately poorly, or poorly) or the number of meanings for each word (one, two, three, or four or more meanings).
Design and procedure. We used a2x2x2x2 mixed factorial design. The between-subjects variable was type of encoding task (meaning vs. clarity). The within-subject variables were type of test (identification vs. recognition), item type (studied vs. nonstudied), and speaker's f 0 (same vs. changed). The experiment was completely counterbalanced so that each item appeared equally often in each of the experimental conditions defined by the orthogonal combination of This document is copyrighted by the American Psychological Association or one of its allied publishers.
the variables. Also, each item was spoken equally often in the lowered and the original /o. The procedures were identical to those in Experiments 1 and 2 except that during encoding the subjects were asked to rate either the speaker's clarity of enunciation or the number of meanings for each word on a 4-point numeric scale. Table 4 presents the proportion of studied and nonstudied items reported on the low pass filter identification task as a function of type of encoding task (clarity vs. meaning rating) and speaker's f 0 (same vs. changed). As indicated in Table 4 , there was clear evidence of priming, the magnitude of priming was larger in the same /o than in the different /o condition following both encoding tasks, and there was no overall effect of encoding task.
Results
A two-tailed t test that compared the overall proportion of studied and nonstudied items correctly identified on the auditory identification task indicated significant priming, f (63) = 10.71, p < .001. A 2 x 2 ANOVA was performed on the priming scores, with type of encoding task as the betweensubjects variable and speaker's/o as the within-subject variable. There was a main effect of speaker's/ 0 , F(l, 62) = 13.29, p < .001, MS Z = .017, indicating higher identification scores when the item was presented in the same/ 0 than in a different f 0 at study and test. There was a nonsignificant main effect of the type of encoding task, F(l, 62) < 1, indicating that priming was equivalent following both encoding tasks, and no significant interaction between type of encoding task and speaker's / O ,F(1,62)<1. Table 5 presents the proportion of hits and false alarms reported on the recognition test as a function of encoding task and speaker's/ 0 . As indicated in Table 5 , the meaning rating (semantic) encoding task produced greater recognition than the clarity rating (nonsemantic) encoding task, and there were somewhat higher levels of recognition in the different than in the same/o condition.
A 2 x 2 ANOVA was also performed on the recognition scores, with type of encoding task as the between-subjects variable and speaker's f 0 as the within-subject variable. There was a main effect of speaker's/ 0 , F(l, 62) = 4.59, p < .05, MS C = .014, indicating, somewhat unexpectedly, higher identification scores when the item was presented in a different f 0 than in the same f 0 at study and test. There was a highly significant main effect of the type of encoding task, F(l, 62) = 16.45,/? < .0001, MS C = .054, indicating that recognition was .27 .26 .26 much higher following the meaning rating encoding task than the clarity rating encoding task. There was a nonsignificant interaction between type of encoding task and speaker's /o, F(l, 62) < 1.
To examine the relation between auditory identification and recognition performance more directly, a combined ANOVA was performed on the priming and recognition scores; type of encoding task was the between-subjects variable and type of test and speaker's/o were the within-subject variables. The two critical outcomes of this analysis were a significant interaction between type of encoding task and type of test, F(l, 62) = 11.57, p < .01, MS e = 034, indicating that the encoding manipulation influenced recognition but not priming, and an interaction between type of test and speaker's f 0 , F(l, 62) = 14.53, p < .001, MS e = .018, indicating greater priming in the same than in the different / 0 condition together with an opposite effect on recognition performance.
Discussion
There were two key outcomes in Experiment 3. First, priming was entirely unaffected by the semantic versus nonsemantic encoding manipulation even though it produced large effects on recognition performance. This finding replicates earlier work using auditory identification-in-noise and stemcompletion tasks . The other key outcome was that priming, in contrast to recognition memory, was significantly higher when the items were spoken in the same fundamental frequency at study and test than when the/ 0 was changed. The anomalous finding that subjects performed better on the recognition test when the f 0 had changed is addressed in detail later in this discussion.
The finding that small changes in the/ 0 of a single speaker's voice can produce specificity effects on an auditory priming task provides evidence against the possibility that previously observed voice-change effects can be explained by some variant of the connotative hypothesis (Geiselman & Bellezza, 1976 , 1977 Geiselman & Crawley, 1983; see Palmeri et al., 1993 , for converging evidence). Although it is conceivable that differences in meaning are assigned to words with slightly different / 0 values independent of changes in intonation contour or speaker's voice, the possibility seems highly unlikely. It is made even less likely by the finding that/ 0 changes had just as large an effect in the nonsemantic encoding condition as in the semantic encoding condition. Instead, our data suggest that auditory priming can be based on highly specific acoustic representations of the studied items, whereas recognition performance does not appear to depend on the same sort of acoustic information.
There was, however, an apparent anomaly in the data; recognition performance was higher when the/ 0 had changed between study and test than when it was the same. This finding is attributable to the effects of the prior identification task on recognition performance. Because we used a within-subject manipulation of type of test, with the recognition test always following the auditory identification task and always being composed of items with the opposite /os of those on the identification task, the increased identification of same/ 0 items may subsequently have produced increased recognition of items in the changed /o condition. However, the observed pattern of results raises the possibility that a potentially significant advantage for the same versus different f 0 items on the recognition test was masked by the effect of the prior identification.
In our previous research , we failed to find significant voice-change effects on recognition in an experiment in which we manipulated type of test with a between-subjects design. To evaluate the issue with respect to /o changes, we tested an additional 16 subjects on the recognition test, 8 following the meaning encoding task and 8 following the clarity encoding task. All aspects of the procedure, materials, and design were identical to Experiment 3, except that the recognition test was given immediately after the filler task. Analysis of the corrected recognition scores revealed no effects of/o change in either the meaning condition (same/o = .85, changed/ 0 = .87) or the clarity condition (same / 0 = .47, changed f 0 = .46). A 2 x 2 ANOVA was performed on the recognition scores, with encoding task as the betweensubjects variable and speaker's/ 0 as the within-subject variable. It revealed a significant main effect of encoding task, F( 1,14) = 28.59, p < .001, MS e = .044; a nonsignificant main effect of speaker's/o, F(l, 14) < 1; and no significant interaction, F(l, 14) < 1. These results clearly indicate that our use of a within-subject design in Experiment 3 did not mask significant ft) change effects on the recognition test.
The foregoing analyses help to establish more securely that Experiment 3 provided a double dissociation between priming and explicit memory. Priming was affected by/ 0 change but not by type of encoding task, whereas recognition was affected by type of encoding task but not by /b change. This double dissociation indicates that the types of information important to implicit and explicit retrieval are fundamentally different. Explicit recognition is enhanced by semantic-conceptual encoding of the items but does not depend on detailed acoustical information. By contrast, implicit memory, as indexed by priming, depends on detailed acoustical information but does not rely on semantic-conceptual information.
One question left unanswered by Experiment 3 concerns the generality of the observed effect of f 0 change in auditory priming. Because the low pass filter that was used for the identification task degrades higher frequency information while leaving/o information intact, it is possible that the effects of/o changes on auditory priming are restricted to the low pass filter task. That is, because / 0 was the primary information preserved in the identification task, it may have thus played an unusually large role in identification performance. Moreover, because the recognition test comprised words that were clearly presented, the apparent dissociation provided by/o changes may be a function of the different physical cues used in the identification and recognition tests rather than the implicit versus explicit retrieval processes that were tapped by the two tasks. Perhaps study-test /o changes do not significantly affect the amount of auditory priming on an implicit test other than the low pass filter identification task. Experiment 4 addressed this concern.
Experiment 4
Our primary goal in Experiment 4 was to assess the effects of /o changes with an implicit task in which the items are not degraded by a low pass filter and in which the explicit test is more directly comparable with the implicit task. To accomplish this goal, we used an auditory stem-completion task and cued-recall test in which the nondegraded first syllables of words served as cues on both tasks. On the (implicit) stemcompletion task, subjects provided the first word that came to mind; on the (explicit) cued-recall test, subjects attempted to recollect the study list target. Previous research has found voice-change effects on an auditory stem-completion test but not on an auditory cued-recall test .
We also used a slightly different type off 0 manipulation than in Experiment 3. The natural voice of the male speaker who recorded the stimuli in Experiment 3 was unusually low. It is possible that f 0 change effects were present because of the novelty of the extremely low voice produced when we further lowered his /o rather than a general sensitivity to any f 0 changes. Therefore, it seemed prudent to examine the effect of raising his/ 0 by 10% as well as lowering it by 10%, as we did in Experiment 3.
Method
Subjects. Thirty-two Harvard University undergraduates participated in the experiment for a $5 payment.
Materials. Target materials comprised 48 words that were divided into two subsets of 24 words. The two subsets were matched for frequency, first letter, number of syllables, and length, and all of the words had first syllables that allowed at least three English word completions (Graf & Williams, 1987; Kucera & Francis, 1967) . The words were originally recorded by a single male speaker into a Gateway 2000 IBM-compatible computer using the Kay CSL 4300 acoustic package at a sampling rate of 10 kHz. Auditory stems were created by using the computer to edit each word so that only the first syllable was preserved. We made two resynthesized duplicates of each stem using the software package described in Experiment 3. For one of the resynthesized duplicates, the/ 0 of the speaker's voice was lowered by 10% and for the other it was raised by 10%. Multisyllabic words were required for this task, and it proved too difficult to change the/o for the entire word without degrading the sound quality of the stimuli. Therefore, only the stems were resynthesized.
Three tapes were used to record one version of each of the 24-word study lists and four versions of the auditory stem-completion task and cued-recall test. Each study list tape included 24 words spoken clearly. The auditory stem-completion and cued-recall tapes were identical; they included 48 word stems, 24 that were the first syllables of words that had been presented at study and 24 that were the first syllables of This document is copyrighted by the American Psychological Association or one of its allied publishers.
words from the nonstudied list. Of the 24 studied items, half were presented in the same (original) fi> and half were presented in a changed (resynthesized) / 0 ; of the 12 items in the changed condition, half were higher and half were lower then the study list/o. The same number of original and resynthesized/o stems were present among the nonstudied stems. The tapes were presented using a cassette deck and headphones. The same type of booklet used in Experiments 1 and 2 was provided for the subjects to record all of their responses. Design and procedure. We used a 2 x 2 x 2 within-subject design. The variables were type of test (auditory stem completion vs. auditory cued recall), item type (studied vs. nonstudied), and speaker's/b (same vs. changed).
All of the subjects were tested individually. The subjects completed the same encoding and distractor tasks described in Experiments 1 and 2.
After the distractor task, the subjects were given the auditory stem-completion task during which they heard 48 first syllables and were asked to write down the first word beginning with that syllable that came to mind. There were 7 s between the items for the subjects to write down their answers. Once the subjects had completed the auditory stem-completion task, they were given an auditory cued-recall test. They heard 48 first syllables and were asked to complete the appropriate syllables with the words that had been presented during the encoding task. They were warned that many of the stems were distractors that had been on the stem-completion task and that it was important that they complete stems only with words they remembered specifically from the encoding task. Also, the subjects always received the version of the cued-recall test that had the items in a different presentation order and different/o than the stem-completion test. This procedure helped to reduce the number of intrusions from the completion test the subjects reported. There were 7 s between the items.
Results
Because the same f 0 condition used the speaker's natural voice and the changed f 0 condition used the resynthesis of the speaker's voice, careful analyses were done to ensure that any reduction of priming in the changed f 0 condition is not attributable to a degradation of the acoustic signal occurring during resynthesis that renders these stems more difficult to perceive. The mean baseline performance for the natural fi> (.21) and resynthesized f 0 (.20) stems were virtually equivalent, indicating that this was not a problem. Also, the priming and recall scores were compared with their corresponding baselines (original vs. resynthesized /o), and we computed all the proportions by dividing subjects' scores by the number of syllables that they correctly perceived in each condition (misperception of a stem is indicated when a subject provides a completion, e.g., parlor, that is phonologically incompatible with the stem, e.g., gar). For example, if a subject had misperceived two stems in the changed f 0 condition, his or her number of correct completions in that condition would be divided by 10 instead of by the total 12 items presented. This procedure adjusted for any differences between conditions attributable to differences in correctly perceiving the stems. Subjects misperceived an average 15% of the stems with slightly more misperceptions of the unstudied stems (17%) than of the studied stems (14%). Table 6 presents the proportion of studied and nonstudied items reported on the auditory stem-completion task and auditory cued-recall test as a function of test type (stem Table 6 , there was evidence of priming on the auditory stem-completion task. There was also evidence that priming was reduced by study-test changes in/ 0 but that cued recall was not.
A two-tailed t test that compared the overall proportion of studied and nonstudied items correctly identified on the auditory stem-completion task showed significant priming, f(31) = 8.30,/> < .001. A 2 x 2 ANOVA was performed on the priming and recall scores, with type of test and speaker's/o as the within-subject variables. There was a main effect of test, F(l,31) = 17.55,p < .001, MS C = .033, indicating higher recall scores than priming scores, and a nonsignificant main effect of speaker's/o, F(l, 31) = 1.31,p > .20, MS e = .015. However, there was a significant interaction between type of test and speaker's/o, F(l, 31) = 7.43,p < .01, MS e = .016. Planned comparisons revealed significantly higher levels of priming in the same/o condition than in the different/o condition on the stem-completion test, f(31) = 2.12, p < .05, but no effect of/ 0 changes on the cued-recall test, f(23) < 1. All the t tests were two-tailed.
A further analysis was also conducted to determine whether there were any differences between subjects' performance when /o was resynthesized to a higher versus a lower / 0 . The within-subject variables were type of /o change (higher vs. lower) and type of test (stem completion vs. cued recall). The proportional means for stem completion were .39 for the higher/ 0 and .38 for the lower f 0 . The proportional means for cued recall were .41 for both the higher and lower/os. Neither the type of/o change nor the Type of/ 0 Change x Type of Test interaction approached significance (both Fs < 1). Thus, the effect of changing f 0 was robust across both directions of change.
Discussion
Experiment 4 revealed a significant reduction of priming on the auditory stem-completion task when the / 0 was changed between study and test and no effect of the same/ 0 changes on cued recall. Also, there were no differences between changes produced by raising versus lowering the speaker's/ 0 .
The finding that small changes in the speaker's f Q reduces priming on a stem-completion task provides evidence against the hypothesis that the/ 0 change effects in Experiment 3 were attributable to the particular filter task that was used. Although the low pass filter might have contributed to the f 0 change effect by specifically preserving /o information, it is clear that the effect is present even when all of the acoustic information is available. Also, the finding that raising the speaker's f 0 by 10% produces the same f 0 change effect as lowering it by the same amount indicates that the previous results were not attributable to the novelty of the speaker's extremely low voice when the/ 0 was lowered.
So far, all of our own and others' experiments that have shown voice-change effects on auditory priming tasks (cf. Goldinger, 1992; have included a change in the speaker's/ 0 . It is thus possible that/ 0 changes are the critical factor underlying both the voice-change and intonation-change effects of previous experiments. However, it is also possible that the observed voice-change effects are not specific to/o (or even pitch) and that changes in any type of acoustic information would produce a similar specificity effect. Therefore, it is critical to manipulate an acoustic variable that does not involve change in f 0 to determine whether f 0 change is critical to voice-specific priming.
One acoustic variable that can be manipulated without any changes in the / 0 of the speaker's voice is the intensity or overall amplitude of an item. Sommers, Nygaard, and Pisoni (1992) reported that variability in the overall amplitude of degraded words did not reduce subjects' ability to correctly perceive the words when compared with words presented in a single overall amplitude. By contrast, similar experiments examining talker variability and variable speech rates did yield a reduction in performance with variability (Sommers et al., 1992) . Although the auditory priming effects that we examined may not be mediated by the same processes as variability effects, the Sommers et al. findings suggested the possibility that overall amplitude information may not produce specificity effects in auditory priming. We constructed Experiment 5 to test this hypothesis.
Experiment 5
The basic design of Experiment 5 was similar to that of Experiment 4 except that it explored the effect of overall amplitude changes in the stimuli rather than changes in speaker's / 0 . The words were recorded by the same male speaker, but only the speaker's natural f Q was used. The items were presented at two different decibel levels (60 and 75 dB). The decibel levels were chosen because they allowed for a highly salient amplitude difference, 15 dB, while still falling within normal conversational volumes. During the stemcompletion and subsequent cued-recall tests, the decibel level for half of the studied items was the same as at study (e.g., 60-60 and 75-75) and for the other half the decibel level was changed between study and test (e.g., 60-75 and 75-60) .
Method
Subjects. Twenty-four Harvard University undergraduates participated in the experiment in exchange for $5.
Materials. Target materials comprised the same 48 words described in Experiment 4, and the same male speaker recorded the items. Auditory stems were created by using the computer to edit each word so that only the first syllable was preserved. The decibel levels were manipulated by playing the tapes through an audiometer during the experiment and adjusting the decibel level for each item.
Three tapes were used to record two versions of each of the 24-word study lists and two versions of the auditory stem-completion task and cued-recall test. Each study list tape included 24 words spoken clearly. Half of the words were presented at 60 dB and half were presented at 75 dB. The auditory stem-completion and cued-recall tapes were identical; they included 48 word stems, 24 that were the first syllables of words that had been presented at study and 24 that were the first syllables of words from the nonstudied list. Of the 24 studied items, half were presented at the same decibel level as study and half were presented at a changed decibel level. The experiment was counterbalanced such that each item appeared equally as often in each experimental condition. The tapes were presented using a cassette deck and headphones. The same type of booklet used in the previous experiments was provided for the subjects to record all of their responses.
Design and procedure. We used a 2 x 2 x 2 within-subject design. The variables were type of test (auditory stem completion vs. auditory cued recall), item type (studied vs. nonstudied), and decibel level (same vs. changed). The procedure was identical to those in Experiment 4. Table 7 presents the proportion of studied and nonstudied items reported on the auditory stem-completion task and the auditory cued-recall test as a function of test type (stem completion vs. cued recall) and decibel level (same vs. changed). As indicated in Table 7 , there was evidence of priming on the auditory stem-completion task, and there was no effect of decibel level changes on either priming or cued recall.
Results
A two-tailed t test that compared the overall proportion of studied and nonstudied items correctly identified on the auditory stem-completion task showed significant priming, f(23) = 9.19, p < .001. A 2 x 2 ANOVA was performed on the priming scores and corrected recall scores, with type of test and decibel level as the within-subject variables. There was a nonsignificant main effect of test, P(l, 23) < 1, and a nonsignificant main effect of decibel level, ^(1, 23) < 1. The interaction between type of test and decibel level was also nonsignificant, F(l, 23) < 1, indicating that the changes in decibel level between study and test had no significant effect on the stem-completion or the cued-recall test.
General Discussion
The present experiments have yielded a number of new findings concerning voice-specific effects in auditory priming. Experiment 1 demonstrated that study-test changes in the This document is copyrighted by the American Psychological Association or one of its allied publishers.
speaker's voice reduced priming on a low pass filter identification test. Considered in relation to previous failures to find voice-change effects using identification in noise tasks (Jackson & Morton, 1984; , this finding shows that voice-change effects can be found on a degraded identification task. Experiment 2 indicated a similar reduction in priming when the emotional or linguistic intonation of a single speaker's voice was changed between study and test, thereby extending the domain of voice-change effects to include manipulations within a single voice. Experiments 3 and 4 indicated that relatively small study-test changes in the/ 0 of the speaker's voice reduced priming on both low pass filter identification and stem-completion tests. These findings, along with the findings of Palmeri et al. (1993) , provide evidence against the connotative meaning hypothesis (e.g., Geiselman & Crawley, 1983 ) as a possible explanation for voice-change effects and provide evidence for the idea that pitch information plays a critical role in the observed effects. Consistent with this idea, Experiment 5 demonstrated that study-test changes in overall amplitude did not affect priming on an auditory stem-completion test.
All of the manipulations in our experiments that yielded voice-change effects included significant changes in/o. Therefore, it is possible that voice-change effects depend exclusively on the representation of/ 0 . The/ 0 is an extremely important component of auditory information. It is, for example, the primary acoustic correlate of vocal pitch (Lieberman, 1961) . Use of/o contour and range are important acoustic correlates of emotional and linguistic intonation (Lieberman, 1961; Lieberman & Michaels, 1962; Williams & Stevens, 1972) , and it has been shown that/ 0 is important in auditory grouping and auditory stream segmentation (Bregman, Liao, & Levitan, 1990) . Recent research examining patients with brain damage has indicated that/ 0 information may be processed primarily by a cortical system in the right hemisphere (Robin, Tranel, & Damasio, 1990; Zatorre, 1988) . There is also some evidence of a left ear advantage for processing relatively low frequencies such as/o in normal populations (Ivry & Lebby, 1993) , though the findings with normal subjects are somewhat mixed (Wolf, 1977) .
In view of these considerations, it is reasonable to hypothesize that specific representations of f 0 information are stored in an auditory PRS, perhaps involving the right hemisphere, and that voice-specificity effects are mediated by these f 0 representations. Not only is this hypothesis consistent with the results of the present experiments but also it fits with previous suggestions by . We had speculated that voice-specificity effects might be mediated by a right hemisphere subsystem: Neuropsychological evidence indicated that right hemisphere processing of language is especially disrupted by the presence of noise (Zaidel, 1978) , and our own data indicated that voice-specificity effects are not present when the test items were degraded with white noise (see Goldinger, 1992 , for further qualifications). Also, some recent dichotic listening experiments conducted in our laboratory suggest that voice-change effects are more robust when the test items are presented to the left ear than to the right ear (Schacter, Aminoff, & Church, 1992) . However, these results are only preliminary, and no strong conclusions can be drawn at this time (for further discussion, see Schacter, in press; .
Although the available data are consistent with the hypothesis that representations of f 0 mediate the voice-specificity effects found in auditory priming, the results of our experiments do not rule out other alternative hypotheses. It is possible that voice-specificity effects are not mediated solely by /o representations per se but rather by auditory representations that include information about / 0 among other acoustic attributes. Although Experiment 5 seems to indicate that overall intensity is not an important feature of the representation mediating voice-specificity effects, it might still include other features of the acoustic signal such as timbre and speech rate or even more dramatic changes in overall intensity. The effects on priming of changing such spectral and temporal features of the speech signal have not been explored, and it is possible that they would produce voice-specificity effects similar to those observed in the present experiments. We also must point out that the/o manipulation used in Experiments 3 and 4 changes the/o without changing the timbre. Therefore, it is not possible to determine whether changes in the quantitative value of/ 0 are responsible for the observed effect on priming or whether the effect is produced by the associated changes in the relationship between/ 0 and its harmonics.
Nevertheless, because all of the experiments that have found voice-specificity effects have included significant changes in/ 0 , the most parsimonious explanation is that the effect depends on /o representations. Further research is necessary to distinguish between this hypothesis and the various alternative possibilities.
It is also important to note that the data from both and the present experiments indicate that auditory priming contains a substantial abstract component. The magnitude of the various voice-specificity effects were relatively modest, and subjects consistently showed evidence of significant priming in the changed voice conditions. We have speculated previously that there may be two PRS subsystems contributing to auditory priming, one that represents abstract phonological information and another that represents specific acoustic information . The present results are consistent with such speculations.
These suggestions are also worth considering in light of recent research that we have conducted in patients with amnesia. Schacter, Church, and Treadwell (1994) found that patients with amnesia exhibited entirely normal priming effects on an auditory identification test that used white noise to degrade target items; patients with amnesia, like controls, showed nearly identical amounts of priming in same and different voice conditions. By contrast, when we used the low pass filter identification task from the present experiments, control subjects showed significantly more priming in the same-voice condition than in the different-voice condition, whereas patients with amnesia showed nonsignificantly less priming in the same-voice condition than in the different-voice condition (Schacter, Church, & Bolton, 1994) . Although these results are preliminary and require additional investigation, the failure of patients with amnesia to exhibit voice-specific priming raises the possibility that the voice-specificity effects observed in the present experiments depend in some way on the episodic system that is damaged in patients with amnesia. For instance, although phonological word forms and voice information may be represented in different PRS subsystems, as we have suggested, the episodic system might be needed to bind together, at the time of study, the target word form and a particular speaker's voice. Thus, voice-specific priming may depend, to some extent, on an interaction between PRS and episodic memory (for discussion, see Schacter, in press) .
Consistent with the findings of Schacter and Church (1992), we did not find any significant voice-specificity effects on explicit recognition and recall tests. However, it is important to point out that this does not mean that specific voice information is unavailable for explicit recall. Many experiments have shown that subjects can explicitly remember information about a speaker's voice when asked to (e.g., Geiselman & Bellezza, 1976 , 1977 Geiselman & Crawley, 1983) and that there are some circumstances in which variations in voice information reduce explicit recall and recognition (e.g., Craik & Kirsner, 1974; Goldinger et al., 1991; Martin et al., 1989) . Although it has not been directly demonstrated, it is possible that some within-voice acoustic information, such as/ 0 , is also available to explicit recollection. However, our data indicate that changing these acoustic features between study and test has little effect on recognition and recall. We assume that this is because subjects tend to rely on conceptually driven processes when engaging in explicit retrieval (e.g., Roediger et al., 1989) , with the consequence that acoustic information plays a minimal role as a cue for explicit retrieval. Further research that explores the kinds of acoustic information that influence priming, and the factors that govern the availability of that information for conscious recollection, is critical to understanding both implicit and explicit memory for auditory information.
